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Abstract. The present theme issue is devoted to recent trends and
research directions in the phase transformation phenomena occurring
in metastable and heterogeneous materials. All papers are concerned
with modern theories, experiments, and computer simulations in the
wide area of phase transformations. Particular attention is paid to tra-
ditional research domains representing the theoretical background for
recent simulations and experiments that are as well specifically high-
lighted herein. Such rapidly developing research directions as phase-
field modeling, laser treatment of surfaces, nanostructures, and
influence of external fields on the microstructure formation are spe-
cially covered in this issue.
1 Introduction
It is well-known that phase and structural transformations occurring in metastable
and heterogeneous materials attract the attention of researchers working in a broad
range of theoretical and applied science varying from materials and condensed matter
physics to biophysics and life science (see, among others, [1–17]). This is explained
by the fact that such transformations completely determine the concluding state of
obtained materials, their structure, and properties. Keeping this in mind, we offer
readers the present theme issue that develops recent trends in phase transforma-
tion phenomena with special attention to such research areas as crystallization and
melting, diffusion, convection and segregation, phase-field modeling, laser treatment
and annealing in describing multi-phase and multi-component systems with various
applications.
The issue is devoted to theoretical modeling, computer simulations and exper-
imental data of transport processes complicated by nucleation and growth kinet-
ics in phase transformations that occur in condensed matter. Special attention is
paid to physical and mathematical models for computer simulation in the analy-
sis of microstructure and properties of materials processed in novel techniques and
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technologies. First of all, the developing models are devoted to the phase transforma-
tions in nano-structural materials, shape-memory materials, and materials obtained
under external fields (e.g. electromagnetic fields and forced hydrodynamics flows). Re-
cent trends in developing various approaches to the problems under consideration in
materials physics include multi-scale modeling as well as continual models in describ-
ing the properties of particulate systems, gradient-stable computational algorithms,
high-performance software systems, and complex simulations using high-performance
computing clusters.
All manuscripts are grouped into seven sections, namely,
1. Multi-phase and multi-component systems [18–21];
2. Laser treatment and annealing [22–25];
3. Diffusion, convection, segregation [26–32];
4. Nano-structures [33–36];
5. Melting and solidification [37–44];
6. Phase fields [45–48];
7. Applications [49–53].
We hope that this issue will be of interest to a wide range of specialists in ma-
terials physics, namely for theoretical physicists and chemists working in an area of
condensed and soft matters, for developers of computational algorithms and software
programs, for scientists engaged in the field of computational experiments, and, of
course, for experimentalists from various fields of materials science. The issue proves
to be a convenient forum to discuss modern trends and achievements, find new solu-
tions and strengthen the research collaborations.
In conclusion, we would like to thank all author teams for their remarkable con-
tributions to the present theme issue. We are also grateful to all reviewers for their
thorough comments, enabling us to significantly improve the presentation of research
works. Finally, we would like to thank the EPJ ST publishing team for useful collab-
orations in organizing the present theme issue.
This work was supported by the Russian Science Foundation (grant number 16-11-10095).
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